We show theoretically that significant field emission from nanorods of semiconductors of wide energy band gaps is possible. The nanorod is assumed to have a thin surface layer containing a large number of localized states originating from defects. The non-equilibrium effect and charge conservation have been taken into account. The electrostatic potential and the charge distribution are simultaneously calculated.
We show theoretically that significant field emission from nanorods of semiconductors of wide energy band gaps is possible. The nanorod is assumed to have a thin surface layer containing a large number of localized states originating from defects. The non-equilibrium effect and charge conservation have been taken into account. The electrostatic potential and the charge distribution are simultaneously calculated.
We demonstrate in first time that a part of a nanorod exhibits an insulator to semimetal transition under high enough fields with direction parallel to its axis, so that field emission occurs at the apex of the metal-like tip. Electron supply is mainly through conduction band in the metal-like part while through hopping between localized states in another part of the nanorod nearing substrate. Taking SiC as an examples, we calculate charge distribution, electrostatic potential, conduction currents, field enhancement, tunneling current ( Fig. 1 ) and field emission energy distribution. As the applied field increases, the peak of field emission electron energy distnrbution shifts to below the Fermi level of substrate. The FN plot of the emission current is apparently different from straight line. The field emission current versus applied field characteristic is consistent qualitatively with the experimental observations of field emission from nanorods of SiC and ZnO. It is found that the field enhancement is not a constant with applied fields but varies with the field and has a maximum. This phenomenon is due to the voltage drop in the segment of nanorod near to the substrate. The bottoms of the conduction bands for vanrous radii are given in Fig.2 , that indicates that the insulator to semimetal transition is a particular feature of the semiconductor nanowires. The field-induced insulator to semimetal transition is responsible to the efficient field emission from the nanorods. The transition only happens when the radius is smaller than 40.0 nm in a field of 8.0V/micrometer.
It is found that the field enhancement is not a constant with applied fields but varies with the field and has a maximum (Fig. 3 ). This special feature should be confirmed by experiments. Further theoretical development will be discussed also. Applied field/(V/,um) Fig. 3 The field-dependent field enhancement factor.
